We derive constraints from flavor and LHC searches on charm-philic contributions to the muon anomalous magnetic moment with a single leptoquark. Only the scalar leptoquarks S 1 and R 2 are relevant for the present analysis. We find that for S 1 some parameter space remains consistent at 2 σ with the BNL measurement of (g − 2) µ , under the assumption that the left-type coupling between the muon and the charm quark is a free parameter. The surviving parameter space is, on the other hand, going to be probed in its entirety at the LHC with 300 fb −1 of luminosity or less. All other possibilities are excluded by the LHC di-muon search results in combination with several flavor bounds, which together require one to introduce sizable couplings to the top quark to be evaded.
Introduction
The currently running Muon g-2 experiment at Fermilab [1] will measure the anomalous magnetic moment of the muon, (g − 2) µ , with precision 0.1 ppm. The experiment will be then backed up in the near future by another one at J-PARC [2] , designed to reach a comparable sensitivity with a different experimental setup and thus substantially reduce the impact of systematic uncertainties.
These new measurements will play a vital role in constraining the parameter space of the models of new physics invoked in recent years to explain the discrepancy of the previous determination of (g −2) µ [3] , at BNL, with the Standard Model (SM) expectation. When taking into account recent estimates of the hadronic vacuum polarization uncertainties (see, e.g., [4, 5] ), the BNL value was found to be in excess of the SM by approximately 3.5 σ: δ (g − 2) µ = (27.4 ± 7.6) × 10 −10 , according to the estimate [4] , or δ (g − 2) µ = (31.3 ± 7.7) × 10 −10 , according to [5] .
The Large Hadron Collider (LHC) has provided strong constraints on several realistic models that explain the BNL anomaly by introducing new particles not far above the electroweak symmetry-breaking (EWSB) scale. For example, in models based on low-scale supersymmetry [6, 7, 8] searches for new physics with 2-3 leptons in the final state and large missing energy [9, 10, 11, 12] have proven very effective in dramatically restricting the parameter space compatible with (g−2) µ (see, e.g., [13, 14, 15, 16, 17, 18] for early LHC studies). And, in general, the same constraints apply to virtually any construction where a solution to the (g − 2) µ anomaly involves colorless particles and a dark sector [19] . Even scenarios where δ (g − 2) µ is obtained without directly involving stable invisible particles, so that one cannot rely on missing energy as a handle to discriminate from the background, are by now strongly constrained [20, 21] by the null results of LHC searches with multiple light leptons in the final state [22, 23] . In general the emerging picture is that one is forced to consider the addition of at least two more states about or above the EWSB scale to explain δ (g − 2) µ and, at the same time, avoid the tightening LHC bounds. This is not the case for leptoquarks. As they can boost the value of the anomalous magnetic moment of the muon by coupling with a chirality-flip interaction to a heavy quark, they can yield δ (g − 2) µ ∼ 10 −9 with acceptable couplings even when their mass is in the TeV range [24, 25, 26, 27] .
Leptoquarks have attracted significant interest in recent years for several reasons. From the theoretical point of view their existence arises for example as a natural byproduct of the Grand Unification of fundamental interactions. They are also featured in models of supersymmetry without R-parity and is some composite models. But perhaps the main reason that has rendered them a current staple in the high-energy physics literature is the fact that they provide a plausible solution for the recent LHCb flavor anomalies (see, e.g., [28, 29, 30, 31, 32, 33, 34, 35, 36] for early explanations based on leptoquarks) if they present non-negligible couplings to the 3rd-generation quarks.
It is possibly for this reason that the most recent studies tackling the (g − 2) µ anomaly with leptoquark solutions focus mostly on the couplings to the quarks of the 3rd generation [34, 37, 38] . This choice might also present itself as a matter of convenience, as the 3rd generation is trivially expected to be less constrained phenomenologically than the 2nd. Here, however, we move in the opposite direction and focus instead on the case of charm-philic leptoquarks, i.e., leptoquarks that produce a signal in (g −2) µ by coupling to the 2nd generation quarks [26, 34] . Our motivation lies on the fact that, one should not forget, the flavor structure of leptoquark interactions is still largely unconstrained on theoretical grounds, so that their eventual couplings to the SM particles must be inferred (or, in most cases, excluded) by phenomenological analysis. Thus, we apply to leptoquarks the spirit of several recent systematic studies [19, 21, 39] that, in anticipation of the upcoming data from the Muon g-2 experiment, have confronted renormalizable new physics models consistent with a (g−2) µ signal with the most recent data from the LHC and complementary input from flavor, precision, and other experiments. In light of the fact that the LHCb anomalies might disappear when further data becomes available, and thus cease to provide a reason for considering predominantly 3rd-generation couplings, we find it perhaps more natural to start with the analysis of the 2nd generation.
We show that almost all realistic and well-motivated charm-philic solutions to the (g−2) µ anomaly are now excluded by a combination of recent bounds from the LHC [40, 41] and a handful of data from flavor experiments, with the exception of narrow slices of the parameter space that will be probed in their entirety with 300 fb −1 of luminosity.
Thus, if a significant δ (g − 2) µ deviation from the SM were observed at Fermilab as well, this would mean in this framework that leptoquark couplings to the 3rd generation are required. We provide estimates of the minimal size of 3rd-generation couplings that is necessary to evade all constraints. The paper is organized as follows. In Sec. 2 we briefly review the expression for the muon anomalous magnetic moment with one leptoquark at one loop; in Sec. 3 we introduce the leptoquark models that yield a solution to the BNL (g−2) µ anomaly with charm-philic couplings, we specify the assumptions involved, and estimate the required coupling size at 2 σ; in Sec. 4 we compute flavor and electroweak (EW) precision constraints on the parameter space of the models; we numerically simulate the relevant LHC searches and present our main results in Sec. 5; we finally conclude in Sec. 6.
The muon g-in minimal leptoquark models
We start by considering the generic Yukawa-type interaction of a scalar leptoquark S with the muon, µ, and one quark or anti-quark, q:
It is then well-known that q and S contribute at one loop to the calculation of the anomalous magnetic moment of the muon as [27] 
where m µ , m q , m S are masses of the muon, quark, and leptoquark, respectively; N c = 3 is a color factor; Q S , Q q are the leptoquark and quark electric charges (with the convention that Q S + Q q + Q µ = 0); and loop functions of r = m 2 q /m 2 S are given by
In chiral leptoquark models the relative size of the scalar and pseudoscalar couplings, g s , g p , parameterizes the strength of the couplings to the left-and right-chiral component of the muon. We thus redefine g L = g s + g p and g R = (−1) γ (g s − g p ), where γ = 0 in cases where q in Eq. (2.1) has the quantum numbers of a SM quark, and γ = 1 if gauge invariance requires q → q c . Equation (2.2) then becomes, for each generation,
which features explicitly in the first line the chirality-flip term proportional to the quark mass, generated in those models where leptoquarks couple simultaneously to both muon chiral states. As was mentioned in Sec. 1, by virtue of this coupling the (g − 2) µ anomaly can be resolved in the presence of leptoquarks at the TeV scale, if the leptoquark is coupled to 2nd-or 3rd-generation quarks, q = c, t. This work focuses on the 2nd generation, as we restrict ourselves to charm-philic Yukawa textures, which induce a deviation from the SM value parameterized by ∼ m c /m µ ln(m S /m c ).
Before we proceed to introducing the form of plausible models, let us recall that, in a similar fashion to the scalar case, a vector leptoquark V ρ of mass m V can also contribute to (g − 2) µ . Given a generic coupling to one quark and the muon,
the one-loop contribution to (g − 2) µ in the limit m q m V reads, for each generation,
with the convention that Q V + Q q + Q µ = 0 [27] . We will briefly come back to the vector leptoquark case in Sec. 3. Let us just point out for now that, unlike scalar leptoquark, vector leptoquarks do not induce at one loop a ∼ ln(m V /m q ) enhancement to the (g − 2) µ value, so that they require very large couplings to the 2nd-generation quarks if one wishes to accommodate the BNL measurement. 
The models
Scalar leptoquarks. We begin with scalar leptoquarks. There exist two sole singleleptoquark cases that lead to a mass-enhanced contribution to (g − 2) µ by coupling to both muon chiral states: SU(2) L singlet S 1 , and SU (2) L doublet R 2 [26] .
Model 1. Leptoquark S 1 is characterized by the SM quantum numbers
Using the Weyl spinor notation, we introduce CP -conserving Yukawa-type couplings to the Lagrangian,
where primed fields are given in the gauge basis, and a sum over the SM generation indices i, j is intended. The quantum numbers of the SM fields and of the leptoquarks considered in this work are summarized in Table 1 . Note that the quantum number can allow one to write down Lagrangian terms of
., which can lead to fast proton decay. In order to forbid these dangerous terms, we impose by hand the conservation of B −L, where B and L are baryon and lepton number, respectively.
After EWSB one can rotate the Lagrangian to the quark mass basis and write down the couplings to the 2nd-generation leptons, required for (g − 2) µ :
where non-primed fields indicate mass eigenstates, we have defined
T , and the L-type couplings are related to each other via the CKM matrix,
We now implement the charm-philic assumption for the
, and Q S = 1/3. It leads to the 2 σ bound (we use the estimate [4 
For the L-type couplings, which are related by gauge invariance through the CKM matrix, we base our phenomenological analysis on two limiting cases: the up origin,
to the down, strange, and bottom quark, respectively, will be generated by multiplication with the CKM matrix. As a consequence, the L-type coupling Y L 2 becomes subject to flavor bounds from, e.g., the K + → π + νν rare decay. On the other hand, in the down-origin case, the couplings
, and Y L 3 to the up, charm, and top quark, respectively, are CKM-generated and thus the L-type couplingŶ L 2 can be bounded by processes like D 0 → µ + µ − . Flavor-changing neutral current (FCNC) constraints do not apply, however, to the charm-philic R-type coupling Y R 2 . If it is required to be large in order to satisfy Eq. (3.4), it can be probed directly by collider searches at the LHC.
Model 2. Leptoquark R 2 is characterized by the SM quantum numbers
The gauge-invariant Yukawa interactions read in this case
where a sum over family indices is intended. Note that, unlike Model 1, Model 2 features the conservation of B − L as an accidental symmetry of the Lagrangian. In the quark mass basis the couplings to the 2nd-generation leptons are then given by
where the scalar fields s (5/3) and s (2/3) belong to the R 2 doublet (electric charge in parentheses), and again we work under the charm-philic assumption,
, and Q S = 5/3. It leads to the 2 σ bound
We introduce for the R-type couplings an up-origin and a down-origin scenario, in analogy to Model 1. In the up-origin case, we generate couplings to the down and bottom quarks, which render the R-type coupling Y R 2 subject to constraints, e.g., from the decay K L → µ + µ − . In the down-origin case, generated R-type couplings to the up-type quarks can be constrained by the measurement of the D 0 → µ + µ − transition.
Vector leptoquarks. We finally tackle the case of a vector leptoquark at the TeV scale as the primary responsible for the (g − 2) µ anomaly. In general, an appropriate treatment of vector states cannot be carried out without some starting assumption on the nature of the UV completion that gives rise to the leptoquark itself. In fact, the UV completion might produce additional states lighter than the vector leptoquark (as happens, e.g., in "composite" models [42, 43] ), which, when accounted for, can reduce the relevance of the heavier vector for the computation of the observable in question. If, on the other hand, the vector leptoquark is a gauge boson, the appropriate treatment of gauge anomalies should be factored in.
In recent years, several studies [44, 45, 46] on UV completions based on Pati-Salam constructions have pointed out that an SU(2) L singlet vector leptoquark U ρ 1 can emerge as the lightest state of the new physics spectrum around the TeV scale. Because of its gauge quantum numbers, however, a leptoquark U ρ 1 : (3, 1, 2/3) coupled to 2nd-generation quarks does not produce a mass-enhanced contribution to (g − 2) µ with the charm quark in the loop, but rather with the strange quark.
After rotating to the mass basis the Lagrangian, in fact, reads
The contribution to (g −2) µ is obtained from the sum over 3 generations in Eq. (2.9) after the following definitions:
Since the contribution to (g − 2) µ is not subject to a ln(m V /m q ) enhancement and, additionally, m s /m µ ≈ 0.9, upholding the 2 σ bound from δ (g − 2) µ requires either small mass or significant couplings:
where we have indicated all L-type couplings generically with g L i . The current pair-production LHC mass bounds [47] , recast for the case of the U ρ 1 leptoquark [48] , yield m U ρ 1 > 1.5 TeV. Relation (3.10) thus implies that, in order to explain the (g − 2) µ anomaly, strange-philic vector leptoquarks must have coupling size of about 3 or greater. Recent LHC di-muon analyses, to which we will come back in Sec. 5, when applied specifically to this case have shown [49, 48] that a coupling to the strange quark of size 3 or more is excluded. Therefore, we will not consider the vector case any further in this work.
the tree-level effective Lagrangians Leptoquark R 2 belongs to a doublet representation and consists of two colored scalars, s (5/3) and s (2/3) . Their Yukawa couplings are related to each other, but in principle experimental constraints on the couplings depend on the scalars' individual masses. The mass difference of the doublet states violates the custodial symmetry, so that the T -parameter is sensitive to it. The leptoquark contribution to the T -parameter reads
where m Z is the Z boson mass, s W , c W are the sine and cosine of the Weinberg angle, and ∆m = m (5/3) − m (2/3) , see Ref. [50] . Given the observed limit, ∆T = 0.09 ± 0.13 [51] , at 1 σ the mass difference must be bounded by 7) . We take the muon mass and as in Ref. [57] , whereas other constants are set at their PDG value [58] .
Since the typical mass region studied in this paper is a few TeV, we can easily neglect this difference, given the bound on ∆T . Thus, we perform the analysis in this paper in the approximation where the two states are degenerate.
Down origin
The down-origin ansatz makes a solution for the (g − 2) µ anomaly via charm-philic leptoquark inconsistent with the measurement of the branching ratio of the rare flavor process D 0 → µ + µ − [52, 34] .
The most recent measurement [53] of the branching ratio at LHCb reads, at the 95% C.L.,
We write the branching ratio in the most general form as [54, 55] Br
where the parameters relative to D meson properties are featured in Table 2 . The SM contribution is dominated by the long-distance effect which is smaller than 10 −12 [56] . As a function of the couplings of Model 1, the Wilson coefficients can be expressed as
10)
where η QCD stands for the QCD running effect of the scalar operators, C SXX (m c )/ C SXX (m S 1 ), and we used the fact that, in terms of the Wolfenstein parameters, 
leads to the exclusion of the down-origin case in Model 2.
One could further wonder, at this point, about how large an eventual coupling to the 3rd generation should be in order to avoid full exclusion of the charm-philic scenario. We can evaluate this for Model 1 by recalling that, in the presence of the 3rd generation, Eq. (3.4) is modified into
14) where a c = 1 + 0.17 ln(m S 1 / TeV) and a t = 1 + 1.06 ln(m S 1 / TeV) [34] . Equation (4.13) then implies
If seeking to obtain Re( Y L 3 Y R * 3 ) in the simplest possible way, by generating a small contribution Y R 3 = − Y R 2 , one must require ∼ O(1) to invalidate the strong D 0 constraint on the 2nd-generation couplings. We plot in Fig. 1 the leptoquark-mass dependence of this minimally required .
An equivalent calculation shows that in Model 2 one gets We point out finally that the measurement of Br(D 0 → µ + µ − ) at LHCb, Eq. (4.6), is already a few years old, and as such it is probably on track to be renewed with fresh data in the near future. If a new determination tightens the upper bound with respect to Eq. (4.6), then the minimally required top coupling is going to be even larger. In Model 1, the strongest bound can be derived from the measurement of the branching ratio Br(K + → π + νν) [59, 60] . The observed value is Br(K + → π + νν) = (1.73 +1.15 −1.05 ) × 10 −10 , which was measured by the E949 Collaboration [61] . The effective Lagrangian relevant to this process can be written down as [60] 
Up origin
where
is the top quark loop contribution to the effective operator, X N L is the charm-lepton loop contribution, and
(4.20) W are given by CODATA [57] . For the other constants, the PDG values are employed [58] .
Using the Wolfenstein parametrization one writes
The charm contributions are numerically computed, e.g, in Refs. [62, 63] . We use 23) and the top loop function is
Finally, we write down the branching ratio:
where κ + = 5.27 × 10 −11 [64] . The first three terms in Eq. (4.25) yield the SM contribution, Br(K + → π + νν) SM ≈ 9 × 10 −11 . We get the 2 σ bound
The parameters used to obtain the numerical constraints are shown in Tab. 3.
As we shall better see in Sec. 5, the bound of Eq. (4.26) implies that large R-type couplings are required in Model 1 to be consistent with the BNL value for δ (g − 2) µ . Thus, the parameter space can be directly probed by the LHC.
In Model 2, the induced Yukawa coupling is restricted by the measurement of Br(K L → µ + µ − ). This process is dominated by the long-distance contribution through K L → γγ. The 90% C.L. upper bound on the short distance contribution is given in Ref. [65] as Br(
The process is generated by the following effective interaction [60] :
where 29) with Y N L representing the contribution of loop diagrams involving the charm, and Y (x t ) the contribution from top quark loops. The charm contribution is Y N L = 3.50 × 10 −4 [62] , and the top loop function is
(4.30)
Neglecting the tiny CP -violating contribution, we write down the short-distance branching ratio:
where lifetime τ K and other constants relevant for the calculation are given in Table 3 . The SM contribution is Br(K L → µ + µ − ) SM = 1.08 × 10 −9 . As a result, we obtain the following constraint:
We conclude this section with a note on EW precision bounds. Precision tests of the EW theory are not very constraining for charm-philic leptoquark scenarios. The presence of leptoquarks can modify the coupling Z → ff and induce effects that can be picked up in data from the Z-lineshape and asymmetry observables. The analytical form of the corresponding loop contribution can be found, for example, in [66] . Since, in the charm-philic assumption, the leptoquark couples only to the 2nd generation of fermions, a loop correction to the effective Z → ff coupling scales proportionally to the electroweak Z threshold, ∼ |Y
. Therefore, it does not introduce additional constraints on the parameter space allowed by (g − 2) µ and other flavor observables.
LHC constraints on the parameter space
The parameter space surviving flavor bounds in charm-philic leptoquark scenarios for (g − 2) µ falls squarely inside the reach of LHC searches. At small-to-moderate Yukawa couplings, Y ∼ O(0.1), leptoquarks are predominantly pair-produced with a cross section directly proportional to the QCD strong coupling. Therefore, in this case the collider exclusion bounds depend solely on the mass of the leptoquark m LQ and read m LQ 1.5 TeV [67, 68, 69] .
For larger Yukawa couplings, Y ∼ O(1), di-lepton production with a t-channel leptoquark exchange, as well as single leptoquark production, can be directly probed over vast mass ranges, and provide complementary constraints [70, 71] . Di-lepton signatures are particularly effective in the large mass regime, where QCD direct production saturates. Generation-dependent constraints were recently provided in [72, 49, 48] by recasting the results of two 13 TeV LHC searches for high-mass resonances in di-lepton final state by ATLAS [40] and CMS [41] for a large set of leptoquark models.
We perform an analysis along similar lines in this study, and apply it to the parameter space of the S 1 and R 2 models, allowed after incorporating the bounds from the measurement of (g − 2) µ and other flavor observables. Recall, in particular, that while we have shown that the down-origin case for δ (g − 2) µ is excluded by the measurement of Br(D 0 → µ + µ − ), when it comes to the up-origin assumption Eqs. (4.26) and (4.32) only bound one of the couplings entering the product Re(g L g * R ) in Eq. (2.7). The remaining part corresponds to relatively large values of the Yukawa couplings Y R 2 , Y L 2 , and hence it is subject to constraints from the LHC di-muon searches.
To perform the analysis, each leptoquark model was generated with FeynRules [73] and the corresponding UFO files were passed to MadGraph5 aMC@NLO [74] . The results were cross-checked with the code used in [19] , based on SPheno [75, 76] , PYTHIA [77] , and DELPHES 3 [78] . We generated two process, pp → µ + µ − and p p → µ + µ − j, particularly the g
c contribution (without c-tag), which can produce a signal in dimuon searches, because jets in the generated events are not vetoed. Note that the inclusion of p p → µ + µ − j is particularly important, as in this case the invariant mass distribution acquires a long high-p T tail due to the gluon PDF. This effect cannot be observed in the pure p p → µ + µ − production.
Six kinematical bins based on the invariant di-muon mass, m µµ , were constructed, closely following the CMS search for high-mass resonances in di-lepton final states [41] . For each point in the parameter space we calculate the likelihood function, using a Poisson distribution smeared with the experimental background determination uncertainty provided in [41] , and statistically combining the six exclusive kinematical bins of the invariant di-muon mass by multiplying the individual likelihood functions. The 95% C.L. exclusion limit was derived using the ∆χ 2 statistics. The dominant bins affecting the obtained bound were the three highest by invariant mass, m µµ > 900 GeV.
We show in Fig. 2(a) the 95% C.L. upper bound from the LHC in solid black. 1 Gray region represents the present 95% C.L. exclusion due to leptoquark pair-production [67, 68, 69] . In dark orange we show the 1 σ region for δ (g − 2) µ in Model 1 after the strongest flavor constraint, Eq. (4.26), has been taken into account. We show in light 1 Our 36 fb −1 bound is in good agreement with the recent estimate of Ref. [49] after we include the process pp → µ + µ − j in our simulation. If one only includes pp(cc) → µ + µ − the bound weakens, and it agrees with the recent computation of Ref. [48] . orange the corresponding 2 σ region. The dashed black line indicates our projected LHC sensitivity with 300 fb −1 , which entirely excludes the 2 σ region. Note, moreover, that the currently running NA62 experiment is expected to improve the Br(K + → π + νν) measurement down to a precision of about 10% [79] and thus further tighten the bounds on this scenario. In Fig. 2(b) we compare our 95% C.L. upper bound (black solid) with the allowed 2 σ parameter space (light orange) in Model 2, after the constraint from Eq. (4.32) has been taken into account. The model is already excluded by the LHC. In order to avoid the bound one needs a coupling to the top quark of the size of the coupling to the charm. Accidentally, the minimally required Re( Y R 3 Y L * 3 ) in this case coincides with the amount required to evade the D 0 → µ + µ − bound in the down-origin scenario, Eq. (4.16).
Finally we summarize the overall collider situation in Fig. 3 , which shows a plot of the deviation from the SM, δ (g − 2) µ , as a function of leptoquark mass in Model 1, confronted with our calculated LHC bounds and projections. One can see that the reach of the LHC searches pushes down along the y-axis as the luminosity increases. Thus, the LHC will continue to provide, with its High-Luminosity run, the most effective tool The value of δ (g − 2) µ after including the bounds from Br(K + → π + νν), as a function of leptoquark mass m S1 , confronted with existing and projected LHC bounds. The solid blue lines delimit the 2 σ region of the BNL experiment. The dark gray region shows the lower mass bound from [67, 68, 69] . In light gray, we present our recasting of the di-lepton bound from [41] , applied to g
c processes. Our projection for 300 fb −1 is shown as a black dashed line.
to probe these scenarios for a wide range of possible outcomes at Fermilab.
Summary and conclusions
We have considered in this work charm-philic contributions to the muon anomalous magnetic moment with a single leptoquark. As the only way to increase the value of (g− 2) µ , and at the same time keep the leptoquark mass beyond direct-production bounds at colliders, is in this case to couple to the quark with a log-enhanced interaction, only two models are relevant for this observable: the scalar leptoquarks S 1 and R 2 . We have confronted these two models with relevant constraints from flavor measurements and numerically recast the LHC searches that can provide applicable limits. In order to systematically address the flavor bounds, we have subdivided the available parameter space of these models into two regions: "up-origin," if the charm-philic ansatz applies to the leptoquark coupling to the muon and to the up-type component of the 2nd generation quark doublet; and the "down-origin," if it applies to the coupling with the muon and the down-type component quark.
We find that, under the down-origin assumption, the parameter space consistent with the measured (g − 2) µ anomaly at BNL is in both models entirely excluded by the measurement of Br(D 0 → µ + µ − ), unless one introduces a coupling to the top quark of the same order of magnitude as the charm's.
Conversely, under the up-origin assumption some of the parameter space of the model with R 2 survives the most constraining flavor bound, from the short-distance contribution to Br(K L → µ + µ − ), but is by now entirely excluded by searches with two muons in the final state at the LHC. The bound can be evaded by assuming the existence of couplings of both the chiral states of the muon to the top quark, of approximately the same size as the couplings to the charm.
Finally, the leptoquark S 1 is the least constrained under the up-origin assumption. Some of the parameter space survives the most constraining flavor bound, from Br(K + → π + νν), and also some of the BNL 2 σ region remains in play after the LHC di-muon searches are taken into account. However, once 300 fb −1 of luminosity are accumulated, the remaining parameter space will be probed in its entirety.
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